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BLAST Quick Start

Course Developed by Medha Bhagwat
NCBI

Basic Local Alignment 
Search Tool

Compares protein and nucleic acid sequence(s)

- to those in NCBI protein and nucleotide databases
- to local databases (standalone BLAST)
- to a single protein or nucleotide sequence (BLAST 2)
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Basic Local Alignment 
Search Tool

•• local alignments; suitable for detectinglocal alignments; suitable for detecting
isolated regions of similarityisolated regions of similarity

•• fast and sensitivefast and sensitive
•• breaks the query sequence into breaks the query sequence into ““words words ““
•• word hits to database sequences extendedword hits to database sequences extended

in both directionsin both directions

Nucleotide Words

ATGCTGCTAGTCGATGACGTAGCTA

ATGCTGCTAGT
TGCTGCTAGTC

GCTGCTAGTCG

Make a lookup table based on the word size



3

Protein Words

AIEKCYTGCTLAQEADDTA

AIE
IEK
EKC

Make a lookup table of neighboring words 
based on the word size and matrix

KCY
CYT

LEK, IDK, IQK, IER, IDR, etc

Finding the Word Hits

ATGCTGCTAGTCGATGACGTAGCTA

Nucleotide: One exact match

GCTGCTAGTCG

Protein: Two neighboring matches 
within 40 residues

AIEKCYTGCTLAQEADDTA
IDK EAD
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BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples

BLAST Programs

blastn nucleotide X nucleotide          
blastp protein X protein                 

6 frame translated nucleotide searches
blastx nucleotide X protein                
tblastx nucleotide X nucleotide
tblastn protein X nucleotide

Word Size
11
3

3
3
3
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BLAST Programs

BLAST 2    compares 2 sequences 
Mega BLAST

- batch nucleotide queries
- for comparison of sequences

that differ slightly
discontiguous Mega BLAST

- batch nucleotide queries
- for comparison of 

diverged sequences

Word Size

28

11 matches
out of 18

BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
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Some BLAST Databases
Nucleotide Databases

nr GenBank+EMBL+DDBJ+PDB sequences 
(no EST, STS, GSS, environmental samples
or phase 0, 1 or 2 HTGS)

refseq_rna RefSeq RNA sequences
month              new or revised GenBank+EMBL+DDBJ+PDB

sequences released in the last 30 days
est Expressed Sequence Tags (EST division)
gss Genome Survey Sequence
htgs Unfinished High Throughput Genomic Sequences: 

phases 0, 1 and 2 (finished phase 3 sequences in nr)

HTGS

Phase 0 single-few pass reads of a single clone 
Phase 1 unfinished, unordered and contain gaps 
Phase 2 unfinished, ordered and contain gaps  
Phase 3 high quality finished sequences no gaps
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Some BLAST Databases
Nucleotide Databases

dbsts Sequence Tag Site sequences (STS division)
pdb Protein Data Bank sequences
chromosome    Complete Genomes, Complete

Chromosome, or contigs

Major BLAST Databases
Protein Databases

nr               non-redundant GenBank CDS translations+PDB
+SwissProt+PIR+PRF

refseq       RefSeq proteins
month        new or revised GenBank CDS translation+PDB

+SwissProt+PIR+PRF released in the last 30 days
Swissprot Last major release of the SWISS-PROT database 
pdb Protein Data Bank protein sequences
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BLAST Databases
Genome-specific Databases

• Human Genome
• Mouse Genome
• Rat Genome
• Other eukaryotes
• Microbial Genomes
• Arabidopsis thaliana 
• Insects
• Plants

BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples
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Setting up a BLAST Search

Identifier or sequence
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BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples

BLAST Output
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Taxonomy Reports

BLAST Output
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BLAST Output

BLAST Statistics

Bit Score  
 - derived from raw alignment score
 - statistical properties of the scoring
 system taken into account
 - can be used to compare different
 searches
Expect value  E

- number of alignments expected to
occur by chance
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BLAST Output

Low complexity region

BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples
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Options 

Other Advanced Options 

-e expect value
-W word size 
-v descriptions
-b alignments

For short query: increase e and lower W

Protein word size 2 or 3
Nucleotide word size minimum 7 and no maximum limit



15

BLAST Options

Matrices

Nucleotide search
- identity matrix

A  T  C  G  
A  1 -3 -3 -3  
T -3  1 -3 -3 
C -3 -3  1 -3  
G -3 -3 -3  1
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Matrices

Protein search
- substitution matrix

Percent Accepted Mutation (PAM)
Blocks Substitution Matrix (BLOSUM)

PAM Matrices
based on global alignments of closely related proteins

PAM1 is calculated from comparisons of sequences with no 
more than 1% divergence

Other PAM matrices are extrapolated from PAM1

Examples: PAM30 and PAM70
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BLOSUM Matrices
based on local alignments

based on observed alignments; not extrapolated from 
comparisons of closely related proteins

BLOSUM 62 calculated from comparisons of sequences 
with no more than 62% identity

Examples: BOLSUM45, BLOSUM62 and BLOSUM80

BLOSUM62 is among the best of the available matrices for 
detecting weak protein similarities

BLOSUM62 is the default matrix in BLAST

A  4

R -1  5  

N -2  0  6

D -2 -2  1  6

C  0 -3 -3 -3  9

Q -1  1  0  0 -3  5

E -1  0  0  2 -4  2  5

G  0 -2  0 -1 -3 -2 -2  6

H -2  0  1 -1 -3  0  0 -2  8

I -1 -3 -3 -3 -1 -3 -3 -4 -3  4  

L -1 -2 -3 -4 -1 -2 -3 -4 -3  2  4

K -1  2  0 -1 -3  1  1 -2 -1 -3 -2  5

M -1 -1 -2 -3 -1  0 -2 -3 -2  1  2 -1  5

F -2 -3 -3 -3 -2 -3 -3 -3 -1  0  0 -3  0  6

P -1 -2 -2 -1 -3 -1 -1 -2 -2 -3 -3 -1 -2 -4  7

S  1 -1  1  0 -1  0  0  0 -1 -2 -2  0 -1 -2 -1  4

T  0 -1  0 -1 -1 -1 -1 -2 -2 -1 -1 -1 -1 -2 -1  1  5

W -3 -3 -4 -4 -2 -2 -3 -2 -2 -3 -2 -3 -1  1 -4 -3 -2 11

Y -2 -2 -2 -3 -2 -1 -2 -3  2 -1 -1 -2 -1  3 -3 -2 -2  2  7

V  0 -3 -3 -3 -1 -2 -2 -3 -3  3  1 -2  1 -1 -2 -2  0 -3 -1  4

X  0 -1 -1 -1 -2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -2  0  0 -2 -1 -1 -1

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V  X

Blosum 62

rare residue

frequently observed substitution
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Substitution Matrices

Query Length Substitution Matrix

<35 PAM30
35-50 PAM70
50-85 BLOSUM80
>85 BLOSUM62

A Provisional Table

BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples
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Formatting Options

Flat Query-anchored with Identities



20

HitTable

Limiting Options
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Retrieve Results for an RID

BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples
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Examples

Protein searches more sensitive than
nucleotide searches

- redundancy of the genetic code allows the same
information to be encoded differently

blastn best to search for the same
sequence from the same organism

blastn

blastp

blastn and blastp
YadC, a quickly evolving gene from K12 and O157
Compare nucleotide and protein sequences using BLAST 2
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Anopheles gambiae mitochondrion, complete genome.
ACCESSION   NC_002084   GI:5834911

Homo sapiens mitochondrion, complete genome.
ACCESSION   NC_001807   GI:17981852

blastn and tblastx
Compare using BLAST 2

blastn

Anopheles gambiae

H
om

o 
sa

pi
en

s

tblastx

Anopheles gambiae

H
om

o 
sa

pi
en

s

BLAST Basics

• Programs
• Databases
• Setting up a search
• Interpret the results
• BLAST options
• Formatting options
• Examples
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Hands-On

http://www.ncbi.nlm.nih.gov/Class/minicourses/quickblast.html

BLAST Statistics

Bit Score S’
λS –ln K

ln 2

Expect value  E
mn 2 –S’
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